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https://doiThe Relationship Between the Location of Uptake on
Positron Emission Tomography/Computed
Tomography and the Impingement Point by
Computer Simulation in Femoroacetabular
Impingement Syndrome With Cam Morphology
Takayuki Oishi, M.D., Naomi Kobayashi, M.D., Ph.D., Yutaka Inaba, M.D., Ph.D.,
Hyonmin Choe, M.D., Ph.D., Taro Tezuka, M.D., Ph.D., So Kubota, M.D., Ph.D.,
Daigo Kobayashi, M.D., and Tomoyuki Saito, M.D., Ph.D.Purpose: To clarify the concordance rate of the location of uptake on positron emission tomography/computed
tomography (PET/CT) and the impingement point demonstrated in computer simulation in femoroacetabular impinge-
ment (FAI) syndrome with cam morphology. Methods: We included hip joints with FAI syndrome that underwent
18F-ﬂuoride PET/CT. We also excluded hips with SUVmax <6. Each hip was evaluated for the region of the SUVmax point
on PET/CT as well as the impingement point by computer simulation. We used ZedHip software (Lexi, Tokyo, Japan) for
impingement simulation analysis based on CT data. Bony impingement is identiﬁed if there is a mesh in acetabular and
femoral side contact in at least one unit. We investigated the rate of concordance between these 2 regions for each 10
ﬂexion angle of the hip, ranging from 0 to 90. Results: Twenty-two hips of 22 patients were evaluated. The SUVmax
region was most frequently distributed in the proximal middle region in 12 hips. In 18 of 22 hips (81.8%), the SUVmax
region was concordant with the impingement region for at least one ﬂexion angle. The concordance rates in 50
(P ¼ .034), 60 (P ¼ .007), 70 (P ¼ .011), and 80 (P ¼ .046) of ﬂexion were signiﬁcantly higher than in 90 of ﬂexion.
Conclusions: It was possible to visualize and clarify the detailed location of abnormal uptake in FAI syndrome patients
with cam morphology by applying 18F-ﬂuoride PET/CT. The concordance rates in 50, 60, 70, and 80 of ﬂexion were
signiﬁcantly higher than in 90 of ﬂexion, which suggested that impingement may more frequently occur at less than 90
of ﬂexion in FAI syndrome with cam morphology. Level of Evidence: Level III, cross-sectional diagnostic study.hysical and radiographic ﬁndings are the basis forPdiagnosis of femoroacetabular impingement (FAI)
syndrome,1 however, detecting the abnormalities in
bone remodeling may enable comprehensive under-
standing of FAI pathology. In this regard, functional
nuclear imaging rather than conventional radiographic
imaging may be useful.Yokohama City University, Department of Orthopedic Surgery,
Japan.
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Arthroscopy: The Journal of Arthroscopic and Related SRecently, 18F-ﬂuoride positron emission tomography
(PET) has been developed as a novel bone imaging
modality that reﬂects osteoblast activity.2-4 The
abnormal uptake on 18F-ﬂuoride PET in FAI syndrome
patients was reported in a previous study.5 However, a
signiﬁcant limitation of the previous study was that it
was difﬁcult to identify the exact location of uptake.
Recent technological advances in PET combined with
computed tomography (CT) imaging allowed us to
obtain detailed 3-dimensional (3D) morphological in-
formation,4 which permits visualization of uptake in
the femoral head-neck junction. This abnormal uptake
is presumed to be caused by mechanical stress due to
impingement. Thus, the detailed location of uptake on
PET/CT may represent that of impingement point,
which is of use for correct osteochondroplasty in FAI
syndrome patients.
On the other hand, CT-based computer simulation
studies have been used to assess the location ofurgery, Vol 34, No 4 (April), 2018: pp 1253-1261 1253
Fig 1. Deﬁnition of the femoral region. The femoral neck
(right side) was divided into 6 regions on the anteroposterior
view of the 3D-CT image. (A) Proximal lateral, (B) proximal
middle, (C) proximal medial, (D) distal lateral, (E) distal
middle, and (F) distal medial.
1254 T. OISHI ET AL.impingement and the range of motion in FAI syndrome
in previous studies.6-10 While there are several limita-
tions of a computer simulation approach, it is possible to
reproduce the bony impingement at various ﬂexion
and rotation angles. In this study, we investigated and
compared the location of the maximum standardized
uptake value (SUVmax) on PET/CT against the location
of the impingement point demonstrated in computer
simulation. We aimed to clarify the concordance rate of
the location of uptake on PET/CT and the impingement
point demonstrated in computer simulation in FAI
syndrome with cam morphology. We hypothesized that
the locations identiﬁed by the 2 different methods
demonstrate a signiﬁcant rate of concordance, indi-
cating that 18F-ﬂuoride PET/CT could be a potential
imaging diagnostic tool for evaluating the accelerated
bone remodeling caused by mechanical impingement.
Methods
The Institutional Review Board approved this cross-
sectional diagnostic study. All patients provided
informed consent for participation in the study.
Patient Inclusion
Between October 2014 and October 2016, we per-
formed 18F-ﬂuoride PET/CT in a total of 198 hips for
169 patients with the complaint of hip pain. Among
these hips, this study included the hips with FAI
syndrome, including cam-type FAI (center edge [CE]
angle 25 and a angle 50), combined-type FAI
syndrome (CE angle 40 and a angle 50), and
borderline dysplastic developmental hip (DDH) with
cam morphology (CE angle 20 and <25 and a angle
50). We diagnosed FAI syndrome in the hips with
these radiographic parameters and positive anterior
impingement test. We excluded joints that had under-
gone total hip arthroplasty (THA), hips after osteotomy,
hips with osteonecrosis (ON), hips with osteoarthritis
(OA) of Tönnis grade 2 and higher or minimum joint
space less than 2 mm, DDH without cam morphology,
painful hips with unknown cause, and hips with other
disorders including infection, tumor, arthritis with
collagen disease, Perthes disease, and rapidly destruc-
tive coxarthropathy. We also excluded hips with
SUVmax <6. Our indication for surgery in FAI syndrome
was the patients for whom the symptoms persisted
despite physical therapy for 3 months.
PET/CT Analysis
18F-ﬂuoride PET/CT was performed using Celesteion
(Toshiba Medical Systems, Tochigi, Japan). Patients
received intravenous infusion of 18F-ﬂuoride (185MBq)
dissolved in 10 mL of 0.9% saline and underwent scan-
ning 40minutes later. To determine the exact anatomical
location of the SUVmax, the axial PET images were cor-
egistered and fused with corresponding CT images.Deﬁnition of the SUVmax Region
The region containing the SUVmax point was deter-
mined in each case. The SUVmax locations were
divided into 6 regions, based on the anteroposteral
view of the femoral neck in each CT image. The
femoral neck shaft line was obtained ﬁrst. Next, a
vertical line to the neck shaft line was drawn at the
narrowest point of the neck and divided into 3 parts by
2 lines parallel to the neck shaft. Thus, the femoral
region was divided into 6 regions, that is, proximal
lateral (A), proximal middle (B), proximal medial (C),
distal lateral (D), distal middle (E), and distal medial
(F)11 (Fig 1).
Computer Simulation Analysis
ZedHip software (Lexi, Tokyo, Japan) was used for
impingement simulation analysis. Digital imaging and
communication in medicine data for each patient were
transferred to ZedHip, which then created a 3D model
of the acetabulum and femoral head. The CT data were
the same data that were used for the PET/CT study in
each case. The functional pelvic plane was used as a
reference plane for the acetabulum. The femoral head
center was deﬁned by 4 reference points. The femoral
plane was set with respect to 2 reference points: the
femoral head center and the midpoint of the femoral
condyle. The software only simulates the rotation of
the femoral head, not the translation, and separately
analyzes the acetabular and femoral sides in mesh
units. Bony impingement is identiﬁed if there is a
mesh in acetabular and femoral sides contact in at least
one unit. We investigated the regions containing the
impingement point in the computer simulation by
changing the angle of ﬂexion and internal rotation
(IR) of the hip in each case. The ﬂexion angle was
PET/CT AND IMPINGEMENT POINT 1255altered from 0 to 90 at 10 increments. At each
ﬂexion angle, the angle of IR was increased until
impingement was detected and the location of
impingement point on the femoral neck was recorded.
The impingement region was divided into 6 regions on
the anteroposteral view of the femoral neck in each CT
image using the same method used to deﬁne the
SUVmax region (Fig 1).
Concordance Rate
Using these data, we performed 2 additional analyses.
First, all patients were assessed to determine whether
the SUVmax region was in concordance with the
impingement regions for at least one ﬂexion angle.
Second, we analyzed the data for each ﬂexion angle.
We deﬁned “concordance rate” as the rate of patients
whose SUVmax region was in concordance with the
impingement region at a given ﬂexion angle. Concor-
dance rates were calculated for each ﬂexion angle. We
also deﬁned 90 of ﬂexion and maximum IR as “ante-
rior impingement position” and compared this with
smaller ﬂexion angle conditions.
Statistical Analysis
The correlation between a angle and SUVmax in all
hips (N ¼ 22) was analyzed using Pearson’s coefﬁcient.
The differences between the concordance rates in each
ﬂexion angle and the concordance rate in 90 of ﬂexion
were analyzed with McNemar’s test. P < .05 was
considered statistically signiﬁcant.Fig 2. Flowchart of patient inclusion and exclusion. (DDH, dyspl
OA, osteoarthritis; ON, osteonecrosis; PET/CT, positron emi
arthroplasty.)Results
Patients
All of the patients who took PET/CT in the study
period agreed to participate in this study. We excluded
106 hip joints after THA, 12 after osteotomy, 7 with ON,
6 with OA (Tönnis grade 2 and higher or minimum
joint space less than 2 mm), 8 with DDH without cam
morphology, 5 painful hips with unknown cause, and 7
hips with other disorders including infection, tumor,
arthritis with collagen disease, Perthes disease, and
rapidly destructive coxarthropathy. In addition, we
excluded 12 hips with a angle <50. Thus, we included
35 hip joints with FAI syndrome in patients who un-
derwent 18F-ﬂuoride PET/CT. In these hips, we also
excluded 13 hips with SUVmax <6. Finally, a total of 22
hips of 22 patients, including 14 hips with cam-type
FAI, 3 with combined-type FAI syndrome, and 5 with
borderline DDH with cam morphology, were evaluated
in this study (Fig 2). Twelve of 22 hips underwent
arthroscopic surgery with labrum repair or osteochon-
droplasty or the both of these. The radiographic
parameters in all cases are summarized in Table 1.
PET/CT Analysis
The average SUVmax of all 22 hips was 12.1 (range,
6-40.3). The distribution of the SUVmax region on the
femoral neck is summarized in Table 2. There was no
signiﬁcant correlation between a angle and SUVmax.
Figure 3 shows a representative case of cam-type FAIastic developmental hip; FAI, femoroacetabular impingement;
ssion tomography/computed tomography; THA, total hip
Table 1. Radiographic Parameters in All Cases
Minimum Joint
Space, mm
a Angle
() Offset Ratio
Neck Shaft
Angle
Femoral
Version ()
Tönnis
Angle ()
Lateral Center
Edge Angle ()
Femoral Head
Extrusion Index
3.3  0.59 62  11 0.15  0.052 134  3.7 19  16 12  8.1 30  9.4 22  8.4
Table 2. The Number of Cases in Each SUVmax Region
Lateral Middle Medial
Proximal 4 12 1
Distal 3 2 0
1256 T. OISHI ET AL.syndrome. In the 3D image of 18F-ﬂuoride PET/CT (C),
a marked uptake was clearly recognized in the proximal
middle region. On the 3D computer simulation image
with 70 of ﬂexion and 30 of IR, the impingement
point appeared very close to the same location (D).
Computer Simulation Analysis
The impingement regions at each ﬂexion angle in all
cases by computer simulation are shown in Table 3,
including the information for SUVmax.
Concordance Rate
In 18 of 22 hips (81.8%), the SUVmax region was in
concordance with the impingement region in at least
one ﬂexion angle. The concordance rates in each
ﬂexion angle are shown in Figure 4. The concordance
rates in 50 (P ¼ .034), 60 (P ¼ .007), 70 (P ¼ .011),
and 80 (P ¼ .046) were signiﬁcantly higher than in 90
ﬂexion. The highest concordance rate was at 60 of
ﬂexion (68.2%; 15 of 22 hips), followed by 70 of
ﬂexion (66.7%; 14 of 21 hips), in contrast with the low
concordance rate at 90 of ﬂexion (35.3%; 6 of 17
hips).
Discussion
In the majority of cases (82%), an abnormal uptake
region (SUVmax region) was consistent with the
computer-simulated impingement region at some
ﬂexion angles, and the concordance rates in 50, 60,
70, and 80 of ﬂexion were signiﬁcantly higher than in
90 of ﬂexion. We presumed that the location of the
uptake point on PET/CT is concordant with the location
of the impingement point at 90 of ﬂexion in the
majority of cases. However, the concordance rate in 90
of ﬂexion was only 35%. Contrary to our assumption,
the higher concordance rate was recognized at 60 and
70 of ﬂexion. Although the maximum IR with 90 of
ﬂexion and adduction is a well-known position in an
anterior impingement test,12 our data suggested that
the impingement may more frequently occur at less
than 90 of ﬂexion in daily activity.
Bony impingement followed by chondral/labral
injuries is a signiﬁcant pathology in FAI syndrome.
However, detailed information regarding the location of
impingement is still lacking. Mechanical impingement
may induce local tissue reaction prior to radiographic
changes, as demonstrated in early-stage OA.13
18F-ﬂuoride, a bone imaging tracer that was initially
introduced by Blau et al. in 1962,14 is receiving
renewed attention for the diagnosis of several kinds ofmusculoskeletal disorders.3 Uptake of 18F-ﬂuoride
reﬂects accelerated osteoblast activities and bone for-
mation.15 Thus, PET imaging can be used to evaluate
functional abnormalities that occur at the cellular level
regardless of morphologic abnormalities. Recently,
Hirata et al. compared mechanical stress by ﬁnite
element analysis with 18F-ﬂuoride PET uptake in
dysplastic hip joints and reported that the location of
increased 18F-ﬂuoride PET uptake was consistent with
the site of concentrated equivalent stress. Furthermore,
the actual value of equivalent stress correlated signiﬁ-
cantly with the 18F-ﬂuoride PET uptake value.16 We
hypothesized that bony impingement leads to repetitive
mechanical stress and affects the bone remodeling sta-
tus in subchondral bone in FAI syndrome cases.
A question here is when the accelerated bone remod-
eling occurs. We speculate that accelerated local bone
metabolism should occur when cam morphology is
developing. In this study, we could conﬁrm very high
uptake in an adolescent patient (16 years old) who had
relatively signiﬁcant sports activity. Thus, it may be
interesting to investigate the relationship between PET
uptake and sports activity during adolescence.
PET/CT is an imaging modality that combines func-
tional and morphological information, both of which
are important for diagnosis. Even-Sapir et al.4 per-
formed 18F-ﬂuoride PET/CT on 16 hips and mentioned
that the instant fusion of scintigraphic ﬁndings with CT
was beneﬁcial in body regions with a complicated 3D
structure such as the hip joint. Fischer et al.17 evaluated
the therapeutic impact of 18F-ﬂuoride PET/CT imaging
on patients with unclear foot pain and concluded that
18F-ﬂuoride PET/CT appears to be a good imaging
adjunct, at least in those patients for whom the ﬁndings
of clinical examination and morphologic imaging mo-
dalities such as magnetic resonance imaging (MRI) or
CT alone remain inconclusive. In both of these studies,
they emphasized the diagnostic success rate of
18F-ﬂuoride PET/CT in patients whose pathology was
unclear by radiographic information alone. Conven-
tional modalities including radiography, CT, and MRI
can obtain morphologic information such as cam
morphology in FAI syndrome.18-22 This morphologic
information is essential to diagnose the pathology of
Fig 3. A 22-year-old, male, a representative case of FAI syndrome with cam morphology of the left hip. (A) Cross-table lateral
x-ray view shows 55 of a angel. (B) Axial image of 18F-ﬂuoride PET/CT. A marked uptake is recognized in femoral neck (white
arrow) with 15.3 of SUVmax. (C) Reconstructed 3D image of
18F-ﬂuoride PET/CT. A marked uptake is recognized in the proximal
middle region (white arrow). (D) 3D image of computer simulation. The location of the impingement point (red circle) with 70
of ﬂexion and 30 of internal rotation was almost the same as that with uptake on PET/CT. (FAI, femoroacetabular impingement;
PET/CT, positron emission tomography/computed tomography.)
PET/CT AND IMPINGEMENT POINT 1257FAI syndrome. However, there is a possibility that the
location of impingement is not concordant with the
location of cam morphology.6,7 In cases of cam-type
FAI syndrome, the impingement region is distributed
in a variety of regions.11 Similarly, Bedi et al.7 reported
that the location of impingement was unique in each
case and not predictable based on radiographic mea-
sures alone. Audenaert et al.6 reported that a femo-
roacetabular conﬂict might occur at the anteromedial
head-neck junction distant from the actual cam lesion
at high ﬂexion positions of the hip. In this regard,
morphologic information is not enough to clarify the
actual location of the impingement point. Here some
functional modalities based on nuclear imaging have
the potential for investigating the pathology of FAI
syndrome. In previous studies, the use of single photon
emission computed tomography (SPECT) for detecting
intra-articular cartilage damage before the onset of
symptoms in FAI syndrome was demonstrated.23,2418F-ﬂuoride PET has also been used to diagnose cases
of painful hip including FAI syndrome cases.5 These
nuclear imaging technologies may be useful especially
for cases without marked morphological abnormalities
or severe degenerative changes.
There are several other points of interests with PET
uptake other than impingement point. In relation to
symptomatic or asymptomatic patients, we found
5 joints with marked cam morphology (a angle 60)
but a small value of PET uptake (SUVmax <6). Inter-
estingly, all of these patients had relatively mild pain
and did not need intense treatment, including operative
procedure or rehabilitation. To the contrary, we
conﬁrmed marked uptake on the residual cam
morphology in one joint with the recurrence of pain
after arthroscopic osteochondroplasty, although this
case was out of the study period. Thus, PET/CT may be
useful for evaluating the effectiveness of operative
procedures and the cause of the recurrence of
Table 3. The Distribution of the SUVmax Region on
18F-Fluoride PET/CT and Impingement Region by Computer Simulation in All Cases
Case No.
SUVmax
Region SUVmax
Impingement Region by Computer Simulation in Each Flexion Angle (Degree of Internal Rotation)
0 10 20 30 40 50 60 70 80 90
1* E 40.3 C (62) C (56) C (53) C (48) C (33) C (16) C (4)
2 B 19.3 D (120) D (114) A (110) B (86) B (53) B (42) B (32) B (28) B (25) B (22)
3 B 15.3 A (106) A (97) B (94) B (74) B (53) B (43) B (37) B (30) B (21)
4 A 14.4 A (59) A (62) A (65) A (80) B (71) B (66) B (61) B (59) B (55) B (50)
5 B 12.6 D (153) D (141) D (136) D (132) D (95) E (76) E (65) B (54) B (47) C (37)
6 E 11.3 D (121) D (118) D (116) D (108) D (84) A (62) E (49) E (40) E (32) C (21)
7* B 10.9 D (112) D (109) D (105) D (99) E (93) E (86) D (69) E (57) E (46) E (39)
8 B 10.1 C (101) B (109) A (88) A (69) A (45) B (37) B (28) B (18)
9 B 10 B (67) B (64) A (55) A (44) A (40) B (33) B (23) B (10) B (6)
10 B 9.15 B (84) B (76) B (65) B (55) B (46) B (36) B (28) B (20) B (15) B (12)
11 A 8.57 D (125) D (116) A (107) A (89) A (76) A (48) A (38) A (29) B (18) B (6)
12 D 8.36 D (156) A (139) A (141) A (119) B (109) A (103) D (92) A (84) A (74) B (66)
13 B 7 A (101) A (92) A (86) A (71) A (59) B (43) B (37) B (31) B (28) B (22)
14 A 6.74 D (124) D (116) D (106) D (100) D (85) D (67) A (50) A (38) B (31) B (17)
15 B 6.35 A (87) A (75) A (58) A (48) A (41) B (35) A (29) A (23) B (17) B (11)
16 B 6 A (117) B (107) B (101) A (95) B (78) B (64) B (52) B (33) C (2)
17 B 28.1 B (94) A (81) A (73) A (65) A (54) B (47) B (42) B (41) A (45) A (44)
18 A 11.2 A (103) A (90) A (83) A (78) A (60) A (48) A (38) B (29) B (22) B (15)
19* D 9.02 A (117) A (116) A (110) A (94) A (82) A (70) B (61) B (52) B (49) B (41)
20 B 8.47 B (69) B (65) B (60) A (50) A (35) B (29) B (25) B (22) B (19) B (18)
21* D 7.85 A (118) B (125) B (119) B (107) B (100) B (93) B (81) A (69) C (43) C (53)
22 B 6.04 B (103) B (102) A (93) A (82) A (73) A (64) B (57) B (49) B (42) B (32)
NOTE. Boldface type indicates that the impingement region was concordant with the SUVmax region.
A, proximal lateral; B, proximal middle; C, proximal medial; D, distal lateral; E, distal middle; F, distal medial.
*Case that did not have any impingement regions concordant with the SUVmax region.
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Fig 4. The concordance rate in each ﬂexion angle. The concordance rates in 50 (P ¼ .034), 60 (P ¼ .007), 70 (P ¼ .011), and
80 (P ¼ .046) of ﬂexion were signiﬁcantly higher than in 90 of ﬂexion. The highest concordance rate is recognized in 60 of
ﬂexion, followed by 70 of ﬂexion.
PET/CT AND IMPINGEMENT POINT 1259symptoms after surgery. With respect to pincer lesion,
we did not focus on the acetabular side in this study.
However, the uptake was possibly recognized in occa-
sional cases as shown in Figure 3. The uptake in pincer
lesion also needs to be addressed in future in-
vestigations. In addition, we excluded the subject with
OA in this study, however, previous studies demon-
strated the utility of 18F-ﬂuoride PET for hip OA.13 The
typical uptake location in FAI without OA, which is
usually limited to the femoral head-neck junction area,
is different from that of OA. The relationship between
PET uptake ﬁndings and OA progression from FAI
syndrome is also an interesting issue.
In many previous reports, an a angle greater than 50
to 55 was used for the diagnosis of cam
morphology,18,25-29 and recently some investigators
suggested higher threshold values of 60 to 66.30-32 In
this study, the a angle deﬁnition of cam morphology
was 50. This is because we intended to include the
cases with relatively “mild” cam morphology in this
study. In fact, 7 hips with a angle less than 55 were
included in this study. All of these hips showed marked
uptake on PET images, and their SUVmax regions were
concordant with the impingement regions in some
ﬂexion angle. Thus, we demonstrated that PET imagingis indeed valuable in such “mild” cam morphology cases
that are difﬁcult to detect radiographically. For cases
with relatively mild cam morphology, the identiﬁcation
of the uptake region in the femoral head-neck junction
could be a useful tool in the diagnosis of FAI, although
it may not be necessary for routine examination.
Furthermore, it may be reasonable to refer to the up-
take region on PET/CT to determine the resection area
for arthroscopic osteochondroplasty. On the other
hand, we cannot ignore the radiation dose for the
patient with PET/CT. The radiation dose with PET/CT
using our institution’s protocol and system is estimated
to be approximately 18.1 mSv, which includes the total
amount of 4.4 mSv of the ionizing radiation dose with
the PET radiopharmaceutical and 13.7 mSv of the
average radiation dose with the CT. That almost equals
a radiation dose 181 times that of a chest x-ray.
Therefore, pregnant and breastfeeding women are
contraindications for PET/CT in our institution because
of the radiation risk to the mother and fetus.
Recently, several studies reported the utility of
CT-based computer simulation to investigate the loca-
tion of impingement.6-8,11 Indeed, the accuracy and
reliability of computer simulation have been validated
using bone models or cadaver joints.8,9 In several
1260 T. OISHI ET AL.previous impingement simulation studies, 90 of
ﬂexion and a maximum IR angle were assumed or
investigated as the impingement position.7,9,33 Ac-
cording to our results, the concordance rate in 90 of
ﬂexion was relatively low, and the concordance rates in
50, 60, 70, and 80 of ﬂexion were signiﬁcantly
higher than in 90 of ﬂexion. In contrast, we conﬁrmed
4 cases in which the location of PET uptake revealed no
impingement. It is difﬁcult to determine the cause of
the discrepancy between the PET image and the
impingement simulation. We also need to consider the
coordinated kinematics of the hip and pelvis in daily
motion.34
Limitations
There were several limitations in this study. First, we
should compare the result of PET/CT to that of a well-
established method for detecting the actual location of
bony impingement. However, there is still no method
recognized as well established for this purpose.
Although CT-based computer simulation has several
limitations, including ignoring the inﬂuence of soft tis-
sues and motion of the pelvis, several studies have re-
ported the ability of CT-based computer simulation to
investigate the location of impingement, and its accu-
racy and reliability have been validated using bone
models or cadaver joints.8,9 In addition, we had no
control group in this study. With respect to radiation
dose, it was impossible to perform PET/CT in a healthy
human. However, a previous study reported that the
uptake with PET in unilateral hip cases with FAI
syndrome was comparable to that in the asymptomatic
contralateral side. In the femoral neck, the average
SUVmax value on the symptomatic side was signiﬁcantly
higher than that in the asymptomatic side.5 Next, this
study was performed retrospectively and had selection
bias. If performed prospectively, the ﬁndings would be
more convincing. In addition, we did not investigate
intraoperative ﬁndings and postoperative imaging
because 10 joints did not undergo operative treatment.
Some association may be observed between PET uptake
and intraoperative ﬁndings or postoperative imaging.
We included cases with SUVmax 6 in the present
study. This is because it has been reported that the
average SUVmax in a control group was less than 6,
while the average SUVmax of the group with OA and
that of the group with hip pain were more than 6 in a
study evaluating hip OA cases with 18F-ﬂuoride PET.13
Although we adopted the threshold of SUVmax based on
OA, the threshold of SUVmax of patients with cam-type
FAI syndrome should be determined as well. Although
the utilized computer simulation permitted more than
90 of ﬂexion, we simulated only the range from 0 to
90 of ﬂexion with maximum IR. In this study, we
aimed to compare the locations of impingement with
ﬂexion angle less than 90 and with 90 of ﬂexion. Thesimulation with more than 90 ﬂexion may reveal
different results.
Conclusions
It was possible to visualize and clarify the detailed
location of abnormal uptake in FAI syndrome patients
with cam morphology by applying 18F-ﬂuoride PET/CT.
The concordance rates in 50, 60, 70, and 80 of
ﬂexion were signiﬁcantly higher than in 90 of ﬂexion,
which suggested that the impingement may more
frequently occur at less than 90 of ﬂexion in FAI
syndrome with cam morphology.
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